The bacterial flagellar structure can be divided into the basal body, the hook and the filament. Three minor components called hook associated proteins (HAP1, HAP2 and HAP3) form a junction between the hook and the filament (HAP1 and HAP3) and a capping structure at the distal end of flagellar filament (HAP2). Vibrio vulnificus is a halophilic pathogenic bacterium that is locomotive by means of a polar flagellum. From a V. vulnificus genome sequencing project, we obtained sequences of V. vulnificus flgK (Vv-flgK), flgL (Vv-flgL), and flaH (Vv-flaH) genes that encode HAP1, HAP3, and HAP2, respectively. To investigate roles of the HAP proteins, deletion mutants of the Vv-flgK, Vv-flgL and Vv-flaH were constructed. Electron microscopic analysis showed that the Vv-flgK or Vv-flgL mutant did not produce an intact polar flagellum while the Vv-flaH mutant produced a fragile flagellar structure. Western blot analysis against a major polar flagellin proposed that the null HAP1 and HAP3 mutations resulted in a failure of normal flagellar assembly since flagellins produced by the mutants were secreted out in the culture supernatants without long flagellar filaments. Motility was completely abolished by a single mutation in HAP1 or HAP3, and the HAP2 mutant showed a decreased motility. Also each of the mutants showed an impaired cytotoxicity and adherence to HeLa cell compared with the isogenic wild type strain. LD 50 increased by 10-and 11-fold in the V. vulnificus HAP3 and HAP2 mutant, respectively. These results suggest that the HAP proteins play important roles in polar flagellation and the virulence of V. vulnificus.
INTRODUCTION
Vibrio vulnificus is a halophilic estuarine bacterium that causes fatal septicemia and necrotizing wound infections.
Primary septicemia occurs following ingestion of raw seafood contaminated with V. vulnificus. V. vulnificus preferentially affects persons with underlying hepatic diseases, heavy alcohol drinking habits, and other immunocompromised conditions. Primary septicemia shows a rapidly progressing and fulminant course, which results in a high mortality rate over 50% despite of aggressive antimicrobial and supportive shock therapies (26, 27, 31) . Several virulence factors are reported to date to play important roles in the pathogenesis of V. vulnificus septicemia: RTX toxin (18) , hemolysin (4, 25, 32) , protease (19) , siderophores (20) and capsular polysaccharide (5) etc. In addition to these factors, adhesion and invasion to host cell could be another virulence determinants of V. vulnificus. V. vulnificus that was ingested orally and 1 survived in acidic gastric environment reaches to small intestine. In the small intestine, the pathogen adheres to intestinal epithelium, invades into lamina propria and eventually blood stream, and multiplicate in blood to establish septicemia. Therefore, the adhesion and invasion steps might play an important role in the very early stage of the infection.
In addition to their primary role in cellular locomotion, flagella were reported to play an important role in adherence of enteropathogenic Escherichia coli to epithelial cells (3) .
The bacterial flagellum is an organelle for motility. The flagellum can be divided into three major portions, the basal body, the hook and the filament. The basal body is lodged in the cell membrane and acts as a rotary motor to drive the helical filament rotation that results in bacterial propulsion.
The filament is a helical propeller composed of flagellin subunits and the hook is a universal joint that transmits the torque to the helical filament. There are other accessory components in the flagellar structure which they are called hook associated proteins, HAP1, HAP2 and HAP3 (2, 8, 9) . HAP1 and HAP3 are located between the hook and the filament to form the junction between these two filamentous structures (10, 12) . HAP2 forms the capping structure at the distal end of flagellum, where the cap promotes incorporation of flagellin monomers into the filament structure for efficient flagellar growth (11, 33) .
In the present study, we identified flgK (Vv-flgK), flgL 
MATERIALS AND METHODS

Bacterial strains, plasmids, media and reagents
Strains and plasmids used in this study are listed in the Tables 1 and 2 , respectively. V. vulnificus CMCP6, a highly virulent clinical isolate from a Korean septicemic patient, was used. E. coli and V. vulnificus were routinely grown in Luria-Bertani (LB) medium and 2.5% NaCl heart infusion (HI) medium, respectively. Antibiotics were used at the following concentrations: for E. coli, ampicillin 100 µg/ml, chloramphenicol 30 µg/ml, kanamycin 100 µg/ml and tetracycline 12.5 µg/ml; for V. vulnificus, ampicillin 20 µg/ml, chloramphenicol 2 µg/ml and tetracycline 2 µg/ml. Bacteria were grown by shaking at 200 rpm and 37℃ overnight in appropriate media.
Construction of deletion mutants of Vv-flgK, VvflgL and Vv-flaH genes
To investigate the function of Vv-FlgK, Vv-FlgL and Vv-FlaH, in-frame deletion mutants of Vv-flgK, Vv-flgL for ∆Vv-flgK, ∆Vv-flgL or ∆Vv-flaH, respectively.
In-frame deletion of Vv-flgK, Vv-flgL or Vv-flaH was constructed by using the counter selection strategy employing a suicide vector pDM4 (24, 29 Table 3 . Primers used in this study
Primer Sequence
agar plate containing Cm. Plating of the transconjugants on 2.5% NaCl HI agar plate containing 10% sucrose was performed to select clones that experienced the second homologous recombination events forcing excision of the vector sequence and leaving only mutated or wild type allele of Vv-flgK, Vv-flgL, or Vv-flaH. PCR was used to screen mutants with the appropriate allelic replacement.
Complementation
To restore the Vv-flgK and Vv-flgL wild type genes in 
Motility test
Motility assays were conducted on 0.3% agar-2.5% NaCl HI plates. One microliter of 10 9 CFU/ml bacterial suspension was inoculated on the motility assay agar and incubated at 37℃. Zones of migration were observed after 6 hours.
Western blotting
V. vulnificus CMCP6, CMM2301 and CMM2302 were grown overnight at 37℃ in 2.5% NaCl HI broth. The over- 
Electron microscopy
The bacteria strains were grown to mid-log phase in 2.5% NaCl HI broth without agitation. A formbar-coated grid was floated on a drop of the bacterial culture. The grids were floated onto a drop of 1% uranyl acetate. Bacterial cells were observed with H7600 electron microscope (Hitachi, Ibaraki, Japan).
LD 50 determination
Intraperitoneal LD 50 of the mutant and wild type strains were measured in randomly bred specific pathogen free (SPF) CD-1 mice (Daehan animal Co., Daejeon, Korea).
Bacteria were grown in 2.5% NaCl HI broth for overnight at 37℃. Subsequently, 1 ml of the overnight culture was inoculated into 100 ml of the same fresh medium and grown at 37℃ and 200 rpm. After 4 hours, the bacterial cells were harvested by centrifugation, washed three times, resuspended, and diluted with PBS (pH 7.2). Eight-week-old female mice were challenged by intraperitoneal injection of 10-fold serial dilution of the bacterial suspensions. The infected mice were observed for 24 hours, and the LD 50 was calculated by the method of Reed and Muench (28).
All animal procedures were conducted in accordance with the guidelines of the Animal Care and Use Committee of Chonnam National University.
RESULTS
Sequence analysis and organization of Vv-flgK,
Vv-flgL and Vv-flaH genes
We have identified Vv-flgK, Vv-flgL and Vv-flaH enco- Fig. 2A) . On the other hand, the culture supernatants of Vv-flgK and Vv-flgL mutants contained more FlaB protein than that of the isogenic wild type (Fig. 2B) .
These results indicate that the mutations of Vv-flgK and Vv-flgL lead to a failure of the normal flagellar assembly so that the most flagellins produced by both mutants secret out in the supernatants.
Effect of HAP mutations on motility
Effects of HAP mutations on motility were tested using semisolid agar plate containing 0.3% agar (Fig. 3A and B) . and HAP3 mutants could be attributed to the lack of flagellar filament assembly on the hook structure.
Effect of HAP mutations on cytotoxicity and adherence to HeLa cell
Virulent V. vulnificus strains are highly cytotoxic to wide spectrum of eukaryotic cells. Adhesion to epithelial cells is one of prerequisites for the cytotoxic mechanism of V.
vulnificus (17) . We tested effects of the HAP mutations on cytotoxicity and adherence of V. vulnificus to HeLa cell.
The Vv-flgK and Vv-flgL mutants (CMM2301 and CMM-2302) were remarkably less cytotoxic to HeLa cells than the parent CMCP6 strain (Fig. 4A) . The Vv-flaH mutant showed a significantly decrease in the cytotoxicity ( (Fig. 5A and 5B).
Effect of HAP mutations on the lethality to mice
To address whether the HAPs plays an important role in (Table 4) .
DISCUSSION
In the present study, we have identified and characterized In conclusion, the HAP proteins might play an important role in polar flagellation and motility mediated by the polar flagellum that is closely related to the virulence of V.
vulnificus.
